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ANNOUNCEMENT. 


During the summer of 1913 the issue of the system of publications of the Department of Agriculture was changed 
and simplified so as to eliminate numerous independent series of Bureau bulletins. In accordance with this plan, 
among other changes, the series of quarto bulletins—lettered from A to Z—and the octavo bulletins—numbered 
from 1 to 44—formerly issued by the U. S. Weather Bureau have come to their close. 

Contributions to meteorology such as would have formed bulletins are authorized to appear hereafter as Supple- 
ments to the Monthly Weather Review. (Memorandum from the Office of the Assistant Secretary, May 18, 1914.) 

These Supplements will comprise those more voluminous studies which appear to form permanent contributions 
to the science of meteorology and of weather forecasting, as well as important communications relating to the other 
activities of the U. S. Weather Bureau. They will appear at irregular intervals as occasion may demand, and will 
contain approximately 100 pages of text, charts, and other illustrations. Supplement No. 1, “‘Types of Storms 
of the United States and their average movements,” by District Forecaster Edward H. Bowie and his assistant, 
R. Hanson Weightman, is presented herewith. 


C. F. Marvin, 
. Chief of Bureau. 
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TYPES OF STORMS OF THE UNITED STATES AND THEIR AVERAGE MOVEMENTS. 


By Epwarp H. Bowre and R, Hanson WEIcHTMAN. 
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ORIGINS OF STORMS OF THE UNITED STATES. 


Within the general or primary system of winds of the 
earth’s atmosphere there are formed and carried along 
with the prevailing air currents secondary or local wind 
systems known as cyclones and anticyclones that are 
more commonly desi;aated “lows” and “highs,’’ re- 
spectively. Moreover, the general system’ of winds 
sustains other secondary wind systems of a subpermanent 
nature known as the “centers of action” or more or less 
permanent areas of low and high pressure. In the 
Northern Hemisphere these areas are as follows: The 
Aleutian and the Iceland lows and the highs over the 


middle latitudes of the Atlantic and Pacific Oceans and, 
in the winter months, the highs over Siberia and North 
America. Conspicuously abnormal pressures in the re- 
gions of these so-called “centers of action” are related to 
marked departures from normal weather and temperature 
conditions in the United States.) Some authorities 
assume that these abnormal distributions of pressure 
are due to extraterrestrial and others to terrestrial 
influences. If it be true that the solar output is a 
variable quantity, it is possible that the solar variations 
are associated with marked changes in pressure in the 
“centers of action,’ and thus may be found a key for 
defining for considerable periods in advance the general 
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character of weather changes for a given region. If, on 
the other hand, abnormal pressure distributions occur 
with an unvarying solar radiation, the causes thereof 
must be traced to a terrestrial source. The varying 
effects of a nearly constant radiation on land and water 
surfaces and on air under different conditions of tempera- 
ture, vapor content, dust content, etc., are sufficient in 
the minds of some writers to explain these phenomena. 

Regardless, however, of the cause of abnormalities of 
pressure in the “centers of action,” the importance of 
their relation to the character and paths of storms ia the 
United States is well recognized and therefore should be 
carefully considered in day-to-day weather forecasting 
in the United States. To illustrate? Of the “centers of 
action” that affect the weather conditions of the United 
States east of the Rocky Mountains, the subpermanent 
high ower the middle latitudes of the North Atlantic 
Ocean is perhaps most influential. When this is well 
developed and stable, temperatures above the seasonal 
average are to be expected over the great central valleys 
and the eastern and southern States, and areas of high 
and of low pressure crossing the United States will move 
in high latitudes and pass on to the ocean by way of the St. 
Lawrence Valley. In fact, all prolonged periods of heat 
in regions east of the Rocky Mountains occur simul- 
taneously with the abnormal development of this sub- 
permanent high. When, however, it is weak and ill- 
defined, cool weather prevails over the eastern half of 
the country. Moreover, it has also been observed that 
the courses and intensities of West India hurricanes are 
influenced by the location of this center and by its 
magnitude. Again, the variations in position and 
magnitude of the elongated subpermanent area of low 
pressure that normally extends from southeastern 
Alaska westward over the Aleutian Islands to Kamchatka 
have a decided influence on the character of and courses 
followed by storms that cross the United States. If 
this Aleutian low is north of its normal position, lows will 
move along our northern border; whereas, if it is south of 
its normal position, lows will move far south of their 
normal tracks and stormy weather with great alterna- 
tions in temperature will occur over the United States. 
The paths of storms crossing the United States shift with 
the position of the Aleutian low. When after a period 


of indifferent pressure within the Aleutian area the _ 
* tion and different temperatures. In all these theories 


pressure in this region begins to fall, a low will appear 
within 36 hours north of Montana and, as the Aleutian 
low deepens, lows will follow each other in rapid succes- 
sion along the northern border until the pressure has 
begun to rise north of the Aleutian area and it (the 
Aleutian low) has moved south of its normal position 
when the tracks of lows in the United States will shift 
to lower latitudes. Finally, when the Aleutian low 
reaches its southernmost position, lows crossiag the United 
States will make their appearance in the southern 
plateau region or over the Gulf of Mexico.' Attention is 
invited to the Monthly Weather Review charts showing 


tracks of centers of low areas for each month for addi- 
tional evidence of this interesting and important relation 
between the Aleutian low and the tracks of storms in 
the United States. . 

As before stated, lows in middle latitudes usually move 
as secondary wind systems toward the east, but not 
necessarily due east, in the general eastward drift of the 
atmosphere in these regions. ) It is not to be supposed 
that this eastward drift directly follows the parallels of 
latitude. Bigelow has claimed that it follows very 
closely the trend of the isobars at the 10,000-foot level. 


(The lows, however, at times do not follow a due east 


course, and perhaps the most important cause of these 
variations is an abnormal distribution of surface pressure, 
although it is recognized that there may be marked varia- 
tions in the so-called eastward drift both in direction and 
in velocity that enter into the causation of these abnor- 
malities. Assuming that storms move toward the region 
of least resistance, it follows that the influence of the 
general eastward drift together with that of the surface 
inflowing streams of air from adjacent regions of high 
barometric pressure determine their courses. It is 
thought, however, that the distribution of temperature 
and the location of the attendant area of precipitation 
may have an influence in determining the direction of 
the storm’s movement. These influences, however, are 
regarded as subordinate to those of the eastward drift 
and the effect of unequal pressure distribution in regions 
adjacent to and surrounding the storm center.\ 

While there is doubt as to the nature of the processes 
that operate to initiate a cyclone, its local wind circula- 
tion and attendant weather and temperature changes 
after it is once formed are readily explained by hydro- 
dynamic and thermodynamic laws that apply to atmos- 
pherics., A number of theories as to the origin of lows 
have their place in meteorology: (1) The formation of 
cyclones in pockets of warm, moist, quiet air is known as 
the convectional theory; (2) The driven-eddy theory; 
the formation of lows is sometimes ascribed to eddies 
formed in the general wind system, as in the case of a 
stream of water flowing into a quiet pond or two streams 
of water flowing past or over each other in different 
directions or with diferent velocities; and (3) The usual 
counter-current theory, according to which the lows have 
their origin in horizontal air currents of opposing direc- 


the right-hand deflecting force in the Northern and the 
left-hand in the Southern isphere, due to the rotation 
of the earth on its axis, de es the direction of rota- 
tion of air around the center of a low. | 

Of eo that cross the United States it is unques- 
tionab e that many of them, especially in the winter 
season,” have their origin in the Aleutian low and are 
offshoots therefrom.) A day-to-day study of the daily 
Weather Map of the Northern Hemisphere through 
many years has lead us to this conclusion, and we be- 
lieve others, studying this map as now published daily 
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will confirm it. (Veriations in the position and intensity forecaster, especially when it is attended by the trough 


_of the Aleutian low have a pronounced influence in deter- 


mining the immediate region where storms coming from 
western Canada or the Pacific Ocean will enter the 
United States. | 

STORM TYPES. 


A storm that first appears over Alberta, Canada, 
differs in a number of ways from a storm that, for exam- 
ple, originates over the Gulf of Mexico. The usual 
method pursued in studying storms has been to divide 
them into types named after the regions in which the 
storms first make their appearance on the weather map, 
but it must not be inferred that the storms necessarily 
originated in the several regions. For example, one type 
of storm is called ‘‘Alberta” for the reason that this type 
first appears in that region on the daily weather map of 
Canada and the United States. As a matter of fact, 
nearly all storms of this type can be traced northwest- 
ward to Alaska and the Aleutian Islands, many of them 


no doubt being offshoots from the subpermanent area 


of low pressure that normally overlies these regions, 
particularly during the winter months. Similarly, our 
so-called North Pacific and South Pacific storms are 
probably secondaries that pass eastward from the Aleu- 
tian low when it is occupying a more southerly position 
than customary. 

These regions are graphically shown on Chart 1. The 
types are as follows: The so-called Alberta, North Pacific, 
South Pacific, Northern Rocky Mountain Region, Colo- 
rado, Texas, East Gulf, South Atlantic, Central, and 


India (hurricane).* 
||. The Alberta type.—These disturbances are, no doubt, 
| offshoots from the Aleutian low and appear over the 


region of Alberta usually within 36 hours after the 
pressure has begun to fall over Alaska. Normally these 
disturbances move eastward along our northern border, 
without widespread precipitation. Especially is this the 
case in the winter months when an area of high pressure 
persists over the Plateau and middle Rocky Mountain 
regions. As in the case of all storms that first appear 
in the far West, the most frequented track shifts south- 
ward after midsummer and northward after the late 
winter months. Some of the Albcrta lows, particularly 
in the wint:r season, move far down the east slope of 


the Rocky Mountains to the West Gulf States and thence * 


move northeast. In such cases it will be found that a 
high of considerable magnitude appcared over Alberta 
and forecd the storm southward. This type of storm 
not infrequently is attended by a trough of loyggpressure 
that may reach as far south as Texas, im ech in- 
stances an extensive area of precipitatio ds its 
eastward movement from the Great Central, Valleys. 
The Alberta type of storm is prolific of secondaries and 
because of this fact has to be carefully watched by the 

1 These titles are in common use at the Washington office of the Weather Bureau; 
they refer to divisions of North America only, and are abbreviated by omitting the word 


“States” (or “ Province”) when necessary, ¢. g., “South Pacific” is equivalent to South 
Pacific States, and other analogous divisions as shown on Chart 1 of this Supplement. 


enomenon. 

The North Pacific type-—Storms of this class usually 

ake their appearance on the Washington and Oregon 
coasts and thence move eastward in widely different 
courses. There are two, however, that are often fol- 
lowed—one due east along the northern border and the 
other southeastward from the North Pacific States to 
the southern Plains States and at times quite to the 
Gulf coast and thence eastward or northeastward. 
During the time of appearance of lows of this type the 
Aleutian low is well defined, but somewhat south of its 
normal position, arfd the pressure is above normal over 
the interior of Alaska. The Alberta type of disturbance 
is no longer in evidtnce and in its stead the pressure is 
unusually high in that region, the northern Plains States, 
and in the region of the Great Lakes. A feature of the 
North Pacific storms is that they do not usually occur 
singly—that is, when this type appears the first storm 
will be followed by others of the same type. Frequently 
this storm prevails with great intensity on the north 
Pacific coast, but, unless it takes the southeastern track, 
it loses its marked intensity in crossing the Rocky Moun- 
tains. The precipitation attending these disturbances 
is usually general west of the Continental Divid>, but 
east of the Rocky Mountairs is most apt to occur to the 
north and along the immediate track of the storm’s 
center. Decided cold waves from Alberta commonly 
follow this type of storm after it crosses the Rocky 
Mountains. This type not infrequently develops second- 
aries that overshadow in intensity and magnitude the 
main low. The following is a note on this type of storm 
by Garriott: 

Lows that string down the Rocky Mountains from the north Pacific 
are very tenacious and it is a several day job for any high, however 
large, to dislodge them. (See maps for January, 1909.) This condi»— 
tion produces general precipitation with abnormally low temperatures 4 / 
north of the belt of low pressure. Much care should be exercised to 
detect the formation of centers in the eastern end of this belt of low 
pressure. Watch the wind circulation which is independent of the 
small lows that are charted in the Rocky Mountain region, which 
are due to local high temperatures, and when they appear it is reason- 
ably certain that a low will develop and move northeastward. In this 
event a cold wave is indicated that will sweep pretty far south. A 
sharp dip in the isotherms over the Plains States is also a good evidence 
of the breaking away of a low from the main belt of low pressure. (Also 

maps of Dec. 6-8, 1902, and Dec. 1-7, 1909.) 

The South Pacific type-—This type usually occurs in 

e winter months when the Aleutian low has been forced 
ar south of its normal position and the pressure is high 
over Alaska and the western Canadian Provinces. At 
times these storms iinger several days over the far South- 
west, but are usually rapid movers, following a straight- 
away course to the east and east-northeast with wide- 
spread precipitation attending them. As this type 
usually occurs at times when cold waves threaten, heavy 
snowfalls are common immediately north of the track of 
the storm’s center. This type of storm develops few. 
secondaries. They usually occur singly—that is, it is not 
probable tha! a second storm of this type will follow the 


q 
ee 
“7 
‘ 
° 
4 
| 
| 
t 
33 
& 
J. 
\ 
} 
i* J 
3 
spray 
| 
4 
. 
- 
— 


6 SUPPLEMENT No. 1. 


first one. A pronounced cold wave may be expected to 
occur immediately following a storm of this type, and its 
extension southward to the Gulf States is not uncommon. 


4 The northern Rocky Mountain type.—This class of 


storms is somewhat similar to the Alberta type, but is 
relatively few in number. They are of small area and the 
track of greatest frequency is south of that commonly 
followed by Alberta storms. These storms usually move 
toward the Great Lakes, but not infrequently advance 
far to the south and there either dissipate or recurve to 
the northeastward. Ordinarily these disturbances are 
not producers of widespread precipitation, although in 
the winter season heavy snowfalls may occur in the north- 
ern Rocky Mountain region and the northern Plains 
States. Cold waves in the Northwest and the Plains 
tes, however, usually follow this type of storm. 

The Colorado type.—Storms of this type are exceeded 
in frequency only by the Alberta and North Pacific types. 
Many of the Colorado lows are developments within a 
trough that extends southward or southwestward from 
Alberta storms that move along the northern border. 
When this low develops, its parent low (the Alberta 
storm) usually loses intensity and disappears. The track 
of greatest frequency of Colorado storms is toward the 
Great Lakes, although in the winter season there is a 
decided looping southward over Oklahoma and thence 


er movement is east-northeast over the Ohio Valley. 


It is a well-established fact in regard to storms of the 
United States that the farther south a storm has its 
origin the more widespread is the area of precipitation 
attending it.) Hence it will be found that this type of 
storm is a good rain producer. In the summer season 
it not infrequently happens that this type of storm, when 
it moves toward the upper Mississippi Valley, is the fore- 
runner of a warm wave in the Middle West. In the 
spring months, disturbances of this typ? produce numerous 
thundershowers and severe local storms over the Great 
Central Valleys and the southern Plains, especially when 
the track of such a storm is toward the northnortheast. 


(y The Texas type.—This type of storm is one of the easiest 


for the forecaster to handle. Its associated phenomena— 


| widespread precipitation, strong winds, and temperature 
‘changes—are more uniformly alike than for any other 


class of storm. They usually form when the pressure is 
high over the Eastern and Northwestern States, are quick 
to develop and are steady and rapid travelers, following 
a course toward the northeast or eastward over the Gulf 
States and northeastward over the Atlantic seaboard. 
Many of these storms in the winter season are attended 
by heavy snows north of the track of the storm’s center, 
and cold waves in the Southern States usually follow. 


“| ‘The East Gulf type.—This is in many respects similar 


to the Texas type, save that the place of origin is farther 
east. Storms of this type usually move rapidly north- 
east along the Atlantic coast and develop into severe 
storms over the Middle Atlantic and New England 
States, especially when an Alberta low is moving eastward 
along the northern border. The following pressure dis- 


tribution is indicative of the development of a low over 
the East Gulf, although the weather map may present all 
the aspects of fair weather. An area of high pressure 
over interior districts, the crest of which is over the 
Rocky Mountain range with isobars trending north and 
south and with an extension eastward to the Middie 
Atlantic coast. The winds on the West Gulf are north- 
erly‘and the high is moving toward this region. The 
winds over the East Gulf coast are northeasterly and the 
temperature is high over Florida. This is to all appear- 
ances a fair weather map for the Atlantic States, but in a 
number of instances a low has formed over the Gulf 
States that has caused rain or snow within 24 hours as far 
north as Maryland. (See maps of Nov. 15, 1908; Jan. 
6, 1908; Nov. 12, 1904; Nov. 13, 1908; Nov. 27, 1912; and 
Oct. 19, 1913.) 

YThe South Atlantic type—Not considering tropical 
storms that first appear in this region, practically all 


(storms of this type are secondaries that develop in 


troughs of low pressure that extend southward from 
storms that are approaching the Northeastern States 
from the west or northwest. Severe storms of this 
character not infrequently develop within 12 hours 
and produce destructive winds and, in the cold months, 
heavy 3 =e in the Middle Atlantic and New England 
States. 'The key to the situation appears to be the posi- 
tion of the maximum 12-hour pressure fall in its relation 
to the position of the center of the parent low that is 
advancing from the west or northwest. If the fall be 
pronounced and some distance south or southeast of the 
low center, extreme caution should be exercised, for, if 
the winds in the Southeastern States at this time show a 
tendency to form a ‘‘whirl,’”’ a storm of marked intensity 
will quickly develop.) The severe storm of March 4, 
1909, was formed under these conditions, and counter- 
parts occurred in November, 1907, in 1912, and in 1913. 
4The Central type —This type of lows comprises a mis- 
cellaneous group of disturbances that are mainly secon- 
daries that develop in troughs of low pressure or are 
minor developments that result from the counter flow 
of winds from migratory areas of high barometer. Such 
storms are usually of only moderate intensity, small area, 
and short duration. 


)oThe West Indian type. {Hurricanes are storms of great 


severity that have their origin near the Equator. They 
occur in the summer and fall months only, and their ori- 
gin is within the area of calm, sultry, and rainy weather 
of the doldrums which, in this season of the year, lies 
north of the Equator and is bounded on the north by 
the no t and on the south by the southeast trades. 
These pag trades actually cross the Equator when 
the bel alms is farthest north, and being deflected 
by the earth’s rotation become south or southwest winds. 
It will be readily seen that ideal conditions exist in the 
doldrums for the formation of ‘‘whirls” in the lower 
strata of the atmosphere between the countercurrents. 
When a storm develops in this region, it is carried west- 
ward by the prevailing westward drift of the general or 
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primary circulation within the Tropics. The northeast- 
ward recurving of these storms is dependent on the 
pressure distribution over the eastern and southern 
portions of the United States. The magnitude and the 
position of highs over the United States and the western 
part of the North Atlantic Ocean determine the departures 
of these storms from normal courses. 

While the storms of the Uni States may very 
properly be classified as above, yet it must be patent that 
each type has its subtypes that differ not only in their 
rates and directions of movement but also in their asso- 
ciated wind, weather, and temperature changes. It is 
important that these types and subtype storms be 
classified and arranged for ready reference for use by 
officials of the Weather Bureau engaged in forecast work. 


NORMAL 24-HOUR STORM MOVEMENTS. 


Heretofore all published normal tracks of areas of low 
barometer have been presented as the tracks of greatest 
frequency followed by the several types of storms that 
cross the United States. This method was used by 
Dunwoody in the ‘‘Summary of International Observa- 
tions” (U. S. Weather Bureau bulletin A, Washington, 
1893), by Bigelow in ‘‘Storms, Storm Tracks, and 
Weather Forecasting’ (Weather Bureau bulletin 114), 
and by Van Cleef in ‘‘Is There a Type of Normal Storm 
Path?”’ (Monthly Weather Review, Washington, March, 
1908). Chart 1 illustrates the form generally used in 
presenting the normal storm tracks of the United States, 
but is based on newer material. 

In a paper entitled ‘‘The Relation Between Storm 
Movement and Pressure Distribution”? the normal 
24-hour movement by 5-degree squares was used. 
Strictly speaking, however, these normals presented the 
mean 24-hour drift of the atmosphere that carries the 
storm of any given square eastward, and therefore can- 
not be regarded as normal storm tracks. Moreover, these 
normals were compiled from all types of storms thate 
moved over a given 5-degreesquare. No effort was made 
to separate the normals into types. They are therefore 
composite normals and not truly representative of the 
movement of any recognized type of storm. 

The normals forming a part of this paper are for the 
several types of storms already described, that appear on 
the weather maps of the Uniteu States and are based on 
the records of all storms in the years 1892 to 1912, in- 
clusive. Chart 1 shows the regions into which the United 
States and southern Canada have been divided for pur- 
poses of classification and for which the types of storms 
that cross the United States have been named. It will 
be noted that there are 10 divisions that have been 
designated, as follows: Alberta, North Pacific, South 
Pacific, Northern Rocky Mountain Region, Colorado, 
Texas, East Gulf, South Atlantic, Central and West 


Indies, the last-named region not appearing on this map. 


*Bowle, Edward H., in MONTHLY WEATHER REvViEW, Washington, D.C., February, 
1906, 34:61. 


Table 1 gives the total number of storms by types for 
each month and for the year, and als» the total number 
of storms for each month, including all types. The total 
number of storms discussed was 2,597. 


TaBLE 1.—Number of lows of each type observed during the period 1892 
to 1912, inclusive. 


4 North 48) 44) 33) 27) 14; 12] 23] 28] 4° 68) 399 
uth Pacific............ 20; 21; 24) 18 2 7 7 613) 183 
orthern Rocky M’t’n.. 5 11) 16 11} 18} 13) 5 127 
30; 31; 89) 28 19] 20) 14) 36) 23) 318 
32; 32) 28) 20) 15 5} 15) 21) 6B) 242 
Hast Guif........ 8 10 9 7 4 4 2 & 4 73 
South Atiantic.......... 8 4 6 12 7 3 3 4) 10) 19 7 87 
Central 10; 14, 15) 15) 21 2; 9 
267 230 247| 216] 204] 177} 174] 17¢| 217] 24%] 261) 2,597 


Table 2 gives for each of the nine types of storms the 
average daily movement in miles (as found by taking the 
distance in a straight line from the center of the low at 
one observation to its center 24 hours later) for each 
month and for the year. 

Tables 3 to 14 give for each type of area of low 
barometer by months and for each 5-degree square the 
following: (1) The number of storm centers observed 
within the square at 8 a. m. or 8 p. m., seventy-fifth 
meridian time; (2) the average azimuth of the position 
of all lows 24 hours after being observed within the square 
in degrees reckoned from the north as zero through east; 
thus, an entry of 105° means that the average position 
of the lows at the end of 24 hours is toward 15° south of 
east; and (3) the average 24-hour movement in miles (in 
a direct line—center to center) of all lows of the given 
type which were observed within the 5-degree square. 

Charts 2 to 109 show the average 24-hour movement 
for each 5-d square by months for each of the nine 
first named t of storms. The figure at the center of 
the square inditates the number of observations upon 
which the direction and length of the vector are based. 
The length of each vector is proportional to the number 
of miles of storm movement as defined above, the direc- 
tion being indicated by the arrow. 

It is believed that the normals forming a part of this 
paper have decided advantages over those prepared 
under the former method for showing normal sto:m 
tracks. Whereas the former method showed only the 
most frequented track, the form of presentation herein 
employed shows the normal 24-hour movement for every 
square in which a storm of the given type has appeared. 
For instance, on Chart 1 the most frequented path of 
Alberta storms in January is directly eastward along the 
northern border. Storms of this type not infrequently 
in their movement across the United States pass south- 
eastward to the lower Missouri Valley and thence east- 

‘ward or northeastward to New England and they occa- 
sionally move still farther south, even as far south as the 
Gulfcoast and thence eastward. The method which charts 
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the average track gives no clue to the direction of move- 
ment of a storm after departing from the path of greatest 
frequency. Chart 2, however, shows the average move- 
ment of Alberta storms, not only in the path of greatest 
frequency along the northern border, but for all other 
possible positions as well. _ 

To illustrate the use of the normals: Assume that the 
storm is of the Alberta type for January and that its 
center is in the center of the square bounded by the 
meridians 105° W. and 110° W. and by the parallels 
45° N. and 50° N. If the storm follows a normal course, 
its center 24 hours later will be in approximately longi- 
tude 93° W. and latitude 42° N. Again, after another 


ment in adjacent squares is not altogether uniform, it was 
necessary to smooth the values of the individual squares 
by taking the mean of the eight surrounding squares, to- 
gether with the value of the individual square, giving 
proper weight to the number of observations in each 
square and computing a revised or smoothed value for the 
individual square. The vectors on charts 110 to 114, in- 
clusive, give in a graphic manner the results obtained. 


NOTES ON WEATHER FORECASTING. 


The forecaster from time to time makes mental notes 
on the peculiar behavior of storms and their associated 
phenomena, but unfortunately such notes are seldom put 


TaBLeE 2.—Approrimate average 24-hour movement, in miles, of each type of storm during 1892-1912, and the number of observations of each. 


Jan. | Feb. | Mar. | Apr. | May. | June. | July. | Aug. | Sept. | Oct. | Nov. | Dec. || Means. 
type: 

SET SPIE IID oon ccdcvcccesccodsostconncesesosess 738 679 664 555 507 480 528 480 575 614 683 737 602.7 

531 404 476 521 466 568 575 563 613 589 502 6,083 
orth Pacific type: 

24-hour movement (miles) .........cccccccccccsccccccccccccces 756 708 689 518 474 432 500 450 555 540 649 721 626. 8 

365 $92 283 219 177 116 100 189 ais 875 $90 8,141 
South Pacific type: 

movement ... 749 703 640 557 456 525 529 473 523 617 654 592.4 

aD nds ccvccttseosssobosterpebucdougagete 161 178 188 171 209 56 58 76 79 118 118 187 1,617 
Northern Rocky type: 

ee 699 756 715 532 450 467 545 513 509 536 640 870 548.0 
48 31 26 65 113 121 70 128 85 60 59 28 834 

type: 

725 657 654 499 524 484 563 502 611 563 654 677 592.9 

155 a1. 187 175 154 124 145 94 200 147 167 1,934 
‘exas type: 

24-hour 749 700 742 616 §11 579 480 373 380 531 624 757 656.8 
220 150 135 99 98 49 83 38 104 139 1,338 

t Gulf type: 

24-hour Dovement is ncecaphedddentinsssqeercesouiodedte 772 672 633 502 441 398 158 680 486 600 608 740 580.7 

Namaber of obser 88 30 23 23 22 21 6 5 58 35 49 19 $29 
South Atlantic type: 

768 561 577 421 548 398 396 700 688 514 525 656 554.0 
Of ODSST VATIONS... cc $1 18 22 24 20 23 12 8 40 73 $00 

tral t 4 

movement 798| 724| 706| 568| 525| 529| 495| 503| 554| 606| 557 561.2 

Number of observations............cscccccsecccccccccccccccece 32 25 61 69 90 106 72 % 76 36 111 53 814 

Mean 24-hour movement (miles). 744.8 | 689.9 | 673.1 | 542.1 | 492.1 479.7 | 521.3 488.7/| 549.0| 570.9) 645.9) 718.0 602.4 
Total number of 1,671 | 1,408| 1,448| 1,442) 1,881| 1,173| 1,047| 1,161| 1,189| 1,819| 1,600| 1,656 16, 239 


24 hours, if it follows a normal course, its center will be 
in approximately longitude 79° W. and latitude 44° N., 
and so on until the storm has passed off the map. In 
determining a possible deviation from a normal course, 
unequal pressure distribution in the regions adjacent 
to the storm center, the region of maximum 12-hour 
pressure fall, and the trend of the isotherms should be 
carefully considered. Also, the magnitude of the rise 
and fall in pressure in the surrounding regions should be 
carefully noted, as it is a well-established rule in fore- 
casting that the rate of movement of a storm center has a 
direct relation to the magnitude of the pressure fluctua- 
tions as shown by the pressure-change chart. 

It seems apparent that the present scheme is a decided“ 
improvement over the former methods of presenting 
storm tracks, especially in connection with the study of 
weather maps with the object of making forecasts, and 
unquestionably will present to the forecast officials of 
the Weather Bureau information that will be of material 
aid in day to day forecasting, the chief consideration, 
in fact, that has led to the preparation of these normals. 

The mean 24-hour movement of West India hurricanes 
was computed for each 2}-degree square for the period 
1873 to 1910, inclusive.. As the 24-degree square is 
small and the direction and magnitude of storm move- 


into print for the guidance of those who subsequently 
take up this work. The following are a number of such 
observations collected by Mr. Edward H. Bowie: 


LOWS. 


North Pacific lows.—‘‘Lows that string down the 
Rocky Mountains from the North Pacific are very tena- 
cious, and it is a several days’ job for any high, however 
large, to dislodge them.” (Garriott.) This condition 
produces general precipitation with abnormally low 
temperatures north of the belt of low pressure. Much 
care must be exercised to detect the formation of ¢enters 
in the eastern end of this belt of low pressure. Watch 
the wind circulation, which is independent of the smali 
lows due to local high temperatures that are charted in 
the Rocky Mountain region, and, when one appears, it 
is reasonably certain that a low will develop that will 
move northeastward. In this event a cold wave is 
indicated that will sweep pretty far south. A sharp 
dip in the isotherms over the Plains States is also good 
evidence of the breaking away of a low from the main 
belt of low pressure. (See maps of January, 1909; also 


Dec. 6-8, 1902, and Dec. 1-7, 1909.) 
South Atlantic and East Gulf lows.—In these regions 


lows at times form when there is an area of high pressure 
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over interior districts, the main center of which is over 
the Rocky Mountain region with isobars trending north 
and south and with a tongue or extension eastward to 
the middle Atlantic coast. The winds on the West 
Gulf are northerly and the high is moving toward this 
region. The winds over the East Gulf coast are north- 
easterly and the temperature is high over Florida. This 
is to all appearances a fair weather map for the Atlantic 
States. Under this pressure distribution, however, a 
low has formed in several instances over the Gulf States 
that has caused rain or snow within 24 hours as far 
north as Maryland. (See maps of Jan. 6, 1908, October, 
1908, Nov. 13, 1908, Nov. 12, 1904, Nov. 27, 1912, and 
Oct. 19, 1913.) 

West and southwest lows.—(a) Such lows form after the 
passage of an Alberta storm over the Lakes and will 
develop rapidly if the temperature is high and rain is 
falling in the West Gulf States. If the temperature is 
moderate and the high area in the southeast is giving way, 
the storm will be forced to the Gulf and be dissipated. 
High temperature in the southwest and high pressure in the 
east and southeast are favorable for such storm develop- 
ments. (See maps of Jan. 8, 1901, and Jan. 19, 1907.) 

(6) When there is an area of high pressure over the 
southeast and a cold wave in the northwest threatens, 
there will be a storm development in the southwest and 
precipitation will be general. (See maps of Dec. 14, 
1906, Dec. 27, 1906, Jan. 20, 1904, Jan. 25, 1904, and 
Jan. 8, 1901.) 

(c) A fast moving storm from the west or southwest 
is followed by another disturbance that usually develops 
to the east and south of the posjtion where the preceding 
disturbance developed. (See maps of Dec. 2-4, 1902, 
and Jan. 21, 1904.) e 

(d) If a storm form in the southwest and it is forced 
to the left of the normal track, another storm will imme- 
diately begin to develop in the southwest and it becomes 
a sure rain producer. Storms that develop in the south- 
west and move normally are quickly followed by clearing 
weather. 

(e) Frequently a number of storms in sequence have 
their origin in the same locality. Such takes place in 
the southwest when the pressure continues high in the 
southeast. These developments will continue until a 
high of considerable strength moves southeastward from 
the northwest, after which lows will move out of the 
northwest along the Canadian border. (See maps®* of 
Dec. 18-24, 1905, Dec. 8-18, 1907, Dec. 1-7, 1909, and 
Jan. 16 (p. m.) to 31, 1902.) 

Lake Regions storms.—A development over the Great 
Lakes is indicated by a retardation of the cold change 
and cloudiness hanging on. (See maps of Jan. 7, 1901, 
Jan. 15, 1901, Jan. 30 (p. m.), 1901, Jan. 10, 1902, and 
Jan. 7, 1908.) 

Storms of great depth.—In the Plains States the Rocky 
Mountain and Plateau regions lose intensity as a rule 
after reaching the Mississippi Valley or the Lake region, 

§ The 8 p. m. daily weather maps referred to here and below exist in MS. form only. 


and their movement is then slow. Storms of marked 
intensity in the Atlantic States either originate in the 
south or southwest or else come through from the west 
as moderate disturbances until the Eastern States are 
reached. (Garriott.) The western and northwestern 
disturbances when they become intense in the Eastern 
States are usually preceded by an abnormal fall in pressure 
extending far to the southeast of the storm center. (See 
maps of Nov. 15, 1906, Jan. 19, 1907, and Jan. 19, 1903.) 

Trough formation.—(a) When a northwest low shows 
greatest pressure fall in the middle Rockies, the main 
storm will appear in the southern end of the trough in 
24 hours, forming the southern end of the trough rather 
than having a circular form. (Cox.) (See maps of 
Nov. 3 (p. m.), 1905, Jan. 25 (p. m.), 1903, Jan. 9, 1904, 
and Jan. 10 (p. m.), 1904.) 

(6) Troughs of low pressure moving from the west are 
of two types—the narrow and the wide. The former 
moves eastward slowly and storm centers form in the 
extreme northern and the extreme southern ends. They 
never form in the middle of the trough where it is 
narrowest, but do form where the isobars of approaching 
and receding highs bend away from each other. (See 
maps of Nov. 6 (p. m.), 1906, and Dec. 13, 1901.) When 
the trough is wide, the development of an extensive 
storm area is not uncommon, especially if the wide inter- 
vening area between the highs shows relatively high 
temperatures. (See maps of Nov. 25, 1906, Jan. 28 
(p. m.), 1901, and Jan. 10, 1904.) 

(c) When the northern end of a trough moves eastward 
faster than the southern end, the weather conditions in 
the south and southwest remain unsettled and the chances 
are that a storm will form southwest of the high that 
follows. Generally a period of unsettled weather follows 
without marked temperature changes. (See map of Novy. 
27, 1904.) 

When the southern end moves as fast or faster than 
the northern end, settled weather follows. (See map of 
Dec. 24 (p. m.), 1902.) 

It appears, in the former case, that the current of air 
from the northwest is weak and is deflected northeast- 
ward, whereas in the latter case the stream of air from 
the south on the east side of the trough is the weaker of 
the two. 

(d) In a Plateau trough having storm centers in the 
northern and the southern ends, the northern end usually 
moves eastward faster than the southern. If there be a 
high of any consequence ir the rear, the southern center 
will pass eastward across the Gulf States but, if there be 
no high in the rear, it will likely move northeastward. 
If the southern storm of such a trough be depressed or 
forced southward and the high from the northwest or 
west moves eastward assuming an oval form, cloudiness 
will increese and showers begin shortly after the center 
of the high passes. This is a certain rain condition. 

Increasing storms.—(a) Usually a storm that moves to 
the left of its normal track increases in intensity. (See 
maps of Jan. 2, 1903, and Apr. 29, 1909.) 
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(b) Other storms that increase in intensity appear to 
depend on marked horizontal temperature gradients. A 
rapid temperature rise in front of a storm implies an 
increase in intensity, especially if the temperature is 
falling rapidly over the northwest. 

Sharp temperature rises in the eastern quadrants of a 
storm are a sure indication that the storm will move 
northeastward and increase in intensity. The suppo- 
sition is that the sharp rise in temperature is an indica- 
tion of powerful southerly winds in these quadrants which 
will deflect the storm to the left of the normal track. 
This takes place despite the apparent unequal pressure 
distribution. 

(c) When the center of the maximum 12-hour pressure 
fall is southeast of the storm center, the storm will show 
a marked increase in intensity. This does not apply to 
West Indian hurricanes nor to storms from the southwest 
or south. (See maps of Dec. 23 (p. m.), 1902, Jan. 21, 
1904, Jan. 26, 1904, and Jan. 9, 1907.) 

(d) When the 12-hour pressure fall area is circular, the 
storm increases greatly. (See map of Dec. 12 (p. m.), 
1907.) 

(e) An area of high pressure moving southward or 
southeastward in advance of a storm indicates an increase 
in the storm’s intensity. (See maps of Dec. 5 (p. m.), 
1907, Dec. 28, 1906, and Dec. 4, 1906.) 

Pressure changes (12- and 24-hour).—(a) There are indi- 
cations that pressure-fall areas moving southward diminish 
and are indicative of cool weather. They occur when 
pressure is low over the western Atlantic Ocean. Areas 
of pressure-rises moving southeastward on the map are in- 
dicative of warm and dry weather to the east and south- 
east of the following area of falling barometer. Pressure- 
rises moving southward and southeastward indicate fair 
weather, while those moving eastward and northeastward 
indicate unsettled weather. 

(6) Pronounced 12-hour rises swinging toward the 
southeast and then back to a northeast course while 
advancing rapidly are usually indicative of unsettled 
weather. In this case a low will follow it from the south- 
west and rain or snow will set in over the Eastern States 
within 24 hours after the area of rising pressure reaches 
the New England States and the St. Lawrence Valley. 
(See maps of Dec. 16, 1905, and Dec. 11, 1907.) An 
exception is where the 12-hour rise swings far south 
over the Gulf States and thence up the Atlantic coast; 
then the following low comes from the west along a 
nearly east course, disappears off the middle Atlantic 
coast, and is followed by fair and colder weather. (See 
maps of Dec. 2-4, 1902, Dec. 10, 1905, and Dec. 12, 1905.) 

(c) When the pressure rises on the south and south- 
west of a high, it indicates a further building up of the 
high and its slow movement, usually toward the south- 
east. (See map of Jan. 1, 1904.) 

(d) The position of the area of maximum 12-hour 
pressure change is very significant for future storm 
developments. Pressure-fall in the rear of a storm 


indicates slow clearing and slow movement of the storm. 
When the pressure-fall is great and the center of greatest 
fall is near the storm center, a rapid increase in intensity 
may be looked for. When the fall extends far in advance 
of the storm center, the storm movement will be slow. 

Secondaries.—(a)} Tornadoes are most frequent with 
an increasing storm that moves to the left of its normal 
path with a pressure trough extending well southward. 
(See map of Apr. 29, 1909.) 

(b) When the southern end of a pressure trough swings 
eastward faster than the northern end, there is great 
probability that a secondary will develop south or 
southeast of the northern center. (See maps of Dec. 24, 
(p. m), 1902, Nov. 8, 1913, and Dec. 8 (p. m.), 1903. 

(c) There seems to be a tendency for secondaries to 
form to the leeward of the Appalachian Mountains fol- 
lowing the passage eastward of indifferently developed 
disturbances from the northwest. A pressure-rise coming.— 
from the Lake Region and the upper Mississippi Valley 
seems to play an important part in this phenomenon. 
When the pressure-rise swings under the low, secondaries 
do not develop. Secondaries develop with a high moving 
eastnortheastward from the middle Mississippi Valley 
(See maps of Jan. 11, 1901, and Jan. 17, 1901.) 

Recurving storms.—Storms that start in the northwest 
and move southeastward do not gather great intensity 
until they begin to recurve northward. At the time of 
recurve they move slowly, as a rule, and therefore care 
must be exercised in predicting clearing weather. The 
farther south these storms go the sharper will be the 
recurve and in this case the movement is very slow at 
at the point of recurve. 

This recurving is best developed in the West Indian 
hurricanes. They become very destructive in the region 
of the recurve. The United States daily weather maps 
for December 11, 1904, and December 27, 1904, illustrate 
the type. 

The following are considered the most important rules >< 
for the guidance of the forecaster in determining the 
course of a hurricane: 

(a) A hurricane does not move directly toward a region 
of high pressure when such an area is not moving per- 
ceptibly, but follows in behind it. If the high moves 
east or northeast off to sea at a normal rate of progression 
opening a trough after it, the hurricane moves north or 
northeast in a normal path. If the high hangs persist- 
ently over the eastern coast of the United States, the 
hurricane is deflected far to the west before it can recurve. 

(b) If rain falls freely before the hurricane comes to 
land, it is likely to die out; if the downpour begins after 
reaching land, it is probable that a long vigorous march 
is yet before it. 

(c) When a West Indian hurricane is moving westward 
in the longitude of eastern Cuba and is north of that 
island, it will recurve east of the south Atlantic coast of 
the United States, when an area of high pressure covers 
the Northwestern States. If the hurricane is moving 
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westward over Cuba or the western Caribbean Sea, when 
a low area occupies the northwest and the pressure is 
high in the Eastern States, it will probably move to the 
Gulf of Mexico and reach the Gulf coast after recurving. 

(d) “‘It may be assumed that with a nearly normal 
distribution and movement of atmospheric pressure 
areas over the United States, hurricanes will recurve near 
longitude 80° W. and between latitudes 25° and 28° 
N. When a hurricane is central east of Cuba and an 
area of high pressure is advancing eastward over the 
Gulf and South Atlantic States, the hurricane will prob- 
ably recurve east of the Bahamas. When the hurricane 
reaches central Cuba or longitude 80° W. and an area of 
high pressure is over the West Gulf and Southwestern 
States, the hurricane will probably reeurve over Florida 
or the east Gulf. When the hurricane reaches the 
seventy-fifth meridian and an area of high pressure is 
overspreading the interior and eastern districts of the 
United States with stationary or falling barometer over 
the West Gulf and Southwestern States, it will probably 
advance westward over the Gulf of Mexico. When a 
hurricane is moving northwestward toward the south 
Atlantic or middle Atlantic coasts of the United States 
and the pressure is abnormally high over the Northeastern 
States and the Canadian Maritime Provinces, the chances 
are that the storm will not recurve, but will be crowded 
in upon the coast and develop destructive energy.’’— 
(Garriott.) 

Storm movement.—(a) Lows frequently remain sta- 
tionary over the Great Lakes during the time that the 
air from an extensive high-pressure area is draining south- 
eastward from the Missouri Valley. 

(b) As a rule, when the pressure is high north and 
northeast of a storm it will remain stationary or move 
very slowly and will be a good rain producer. (See map 
of Dec. 12, 1904.) 

(c) With a low supported between two highs, one in 
the west and the other in the east, it will move rapidly 
to the northeast, provided its center is north of a line 
drawn through the centers of the highs. Should the 
storm center lie south of this line, it frequently happens 
that the western high moves eastward and the low is 
penned in. In this case it may remain stationary sev- 
eral days. (See maps of May and June, 1903.) The 
former movement may be accomplished with the rain 
area running well to the northward. In the latter case 
it will remain close to the storm center. 

(d) When a low forms on the western periphery of an 
area of high pressure that is sluggish, it will move rapidly 
north-northeastward and the precipitation area will 
extend but a short distance east of the track of its center. 

(e) The movement of a storm directly northward is 
unusual and seldom occurs except when the pressure is 
abnormally high east and northeast of its center and is 
increasing. This movement is attended by a marked 
increase in the storm’s intensity and the rain area runs 
far to the northward. 


(f) The suppression of a low takes place when an area 
of high pressure of great magnitude forces the low south- 
ward or southeastward and then moves eastward in 
front of the low. Not infrequently this movement com- 
pletely fills up the low. At times, however, the low gives 
evidences of renewed life. There are more or less general 
rains south and southwest of the high and cloudiness that 
extends well up to the center of the high. In this case a 
widespread rain area follows the eastward movement of 
the high. 

(g) Factors to be considered in determining a storm’s 
movement: 

1. What are the regions that are supplying the streams 
of air that feed the storm? Are these streams directly 
opposing each other? If so, a widespread rain area 
results. Or do they meet at an obtuse angle (that is, 
the one from southerly latitudes is flowing northeast and 
the one from the northwest is flowing southeast)? If 
so, the area of rain is limited and confined largely to the 
north. These stream lines must be carefully studied. 
Consider their extent, their force, the duration of flow, 
the temperature involved, etc. Their dissipation is a 
thing to be carefully considered. For instance, a stream 
of cold air from the northwest may be considered to be 
losing intensity when the pressure begins to fall in the 
northwest, especially when the fall starts in at the crest 
of the high in that region. 

2. The centrifugal force of the winds flowing around a 
low seems to be the primary cause of baric gradients 
within the region of cyclonic circulation. Therefore, 
any wind out of proportion to the gradient during the 
process of development is strongly indicative of an in- 
crease in the storm’s intensity. 

3. Marked changes in temperature in the southeast and 
northwest quadrants imply an increase in the storm’s 
intensity. Small temperature changes do not indicate a 
further development of the storm. 

4. Abnormally high temperatures northwest of a storm 
indicate that the storm will either retrograde or remain 
stationary. 

5. The position of the maximum 12-hour pressure fall 
is strongly indicative of future developments. Pressure- 
fall in the rear indicates slow clearing and slow movement 
of the storm. When the pressure-fall is great and the 
center of greatest fall is near the storm center, a rapid 
increase in intensity may be looked for. When the fall 
extends far in advance of the storm center the movement 
will be slow. 

6. The trend of the isotherms is indicative of the storm’s 
movement when the horizontal temperature gradient is 
marked. 

7. Storms with circular isobars and small centers (that 
is, inner isobar small) usually move slowly and toward the 
northeast despite what the pressure distribution indicates. 
This has no reference to West Indian hurricanes nor to 
storms of the Pacific coast. (See maps of Dec. 29, 1906; 
Jan. 21 (p. m.), 1902; and Dec. 25 (p. m.), 1913.) 
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8. Storms that have steep barometric gradients on 
their western sides and not on the eastern are invariably 
slow movers if pressure at the centers is decidedly low. 

9. Lows moving south of east move rapidly. (See 
maps of Jan. 6 and 7, 1903.) The slowest moving lows 
are those that have a tendency to move directly north- 
ward. (See maps of Jan. 3, 1906, and Dec. 25 (p. m.), 
1913.) 

10. Steep but irregular barometric gradients will 
shortly be followed by the storm taking on a circular 
form. (See maps of Dec. 4, 1902; Dec. 8, 1907; Jan. 20 
(p. v1.), 1902; Jan. 21, 1904; Jan. 25, 1904;'and Jan. 10. 
1908.) 

11. Storms with isobars closely crowded on the west 
and northwest sides generally move slowly and to the 
east or southeast, and the precipitation and high winds 
are maintained unusually long in the northern and west- 
ern quadrants. (See maps of Dec. 15, 1907, and Dee. 3, 
1902.) 

12. When there is an area of indifferent pressure 
gradient between two areas of high pressure, a storm will 
develop in this region. If the inner closed isobar is of 
considerable initial diameter, the disturbance will in- 
crease rapidly. If the inner closed isobar is small the 
storm is not likely to gain intensity. For storms having 
initial inner isobars of large diameter, see maps of Novem- 
ber 3, 1904, November 12, 1904; January 15, 1902; and 
January 12, 1904. 

13. Storms with isobars closely crowded in the south 
and southeast quadrants move rapidly northeastward and 
the weather quickly clears after the passage of the storm 
center. Another type of fast moving storm has the 
isobars close together immediately east of the storm 
center—it gathers marked intensity as it moves rapidly 
eastward. In this case the difference ‘nu pressure east 
and west of the storm is about the same but the pressure 
gradient adjacent to the storm center is much steeper on 
the east than on thé west of it. (See map of Dec. 2, 1902.) 

14. It is common to speak of two storms having 
united or coalesced. This is a rare occurrence—probably 
it never occurs. When two storms appear on a map with 
a narrow belt of high pressure separating them, they 
usually travel as individual storms. At other times one 
of the storms gains in intensity while the other loses 
intensity and finally disappears. More frequently in 
cases where there are two storms, one in the north and 
the other in the south, connected by a trough of rela- 
tively low pressure, the southern storm develops rapidly 
in intensity at the expense of the northern storm, which 
finally disappears. Storms lying due east and west of 
each other usually retain their individuality and travel 
eastward without material change in intensity. 


HIGHS. — 


“Pivoted”’ highs.+-A high around which the isobars are 
elliptical and whose major axis assumes various posi- 
tions may be designated a “pivoted high.”) Such highs 
are frequently seen on the weather map, and the shifting 


SUPPLEMENT No. 1. 


of its major axis is often indicative of weather conditions 
for several days in advance,/ For instance, if the north- 
ern end of the major axis of a high is pivoted in the 
Northwestern States while the southern end is swinging 
rapidly eastward, rain or snow with slowly rising tem- 
perature follows in the middle Mississippi Valley and the 
Southwest. (See maps of Jan. 10, 1908, and Dec. 10 
(p. m.), 1909.) If, however, the southern end of the 
major axis of a high remains fixed in position while its 
northern end is moving eastward, fair weather follows for 
several days. 

Large highs.—An infrequent pressure distribution 
shows relatively high pressure covering the interior of the 
United States with minor lows over the plateau and along 
the northern border. When this condition obtains it is 
persistent, and as a rule the crest of the high drifts slowly 
southward especially when the isobars trend due east and 
west over the southern quadrants. In such cases rain 
falls on the southern periphery of the high and advances 
southward with the high. The breaking of this pressure 
condition begins with the appearance of an extensive 
fall in pressure in the Northwest with an extension south- 
ward to Texas, where rains may already have begun. 
Frequently a widespread rain area follows although the 
map may appear to indicate fair weather.. (See maps of 
Jan. 1, 1904; Nov. 9-12, 1905; Nov. 30, 1902; Dec. 14, 
1903; Dec. 3-4, 1904; Jan. 1-5, 1901, and Jan. 4-7, 1902.) 

Circular highs.—Areas of high pressure around which 
the isobars are circular or nearly so are usually followed 
by rain orsnow. They move rapidly and usually toward 
the northeast or east. They appear to have little power 
to bring colder weather except to the regions immediately 
in front of them. As they pass over any given locality 
the winds shift quickly to east and rain sets in with rising 
temperature (this applies to the great central valleys 
and the Eastern and Southern States). Highs of a cir- 
cular form move at about the same rate as a cyclone 
under similar conditions would move. They in almost 
all cases move to the east or northeast to the St. Lawrence 
Valley. Unless exceptional, neither frost nor cold waves 
should be forecast for localities south of its front. A 
number of examples of this type have been noticed and 
all have acted in this manner. (See maps of Dec. 23, 
1903, Dec. 30, 1905, and Dec. 21, 1907.) 

Lake region highs.—In the spring there are frequent 
instances where highs develop north of the Great Lakes 
and remain stationary for 36 to 48 hours or even longer. 
This is a fair-weather type for the Lakes and the New Eng- 
land and Middle Atlantic States, except that as the high 
develops southward there is a ‘‘squeeze” (a region of 
opposing winds) that causes rain. If the high increases, 
this rain area is driven south; if the high drifts eastward, 
the rain area may remain stationary and prolong the rain 
with northeast and east winds. The key to the building 
of this high is the pressure-change map. 

Missouri Valley highs.—Highs that come out of the 
Northwest and remain stationary over the Missouri Valley 
frequenty diminish in intensity. In such cases it has 
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been observed that a more or less marked rise in pressure 
over the region north of Minnesota and the Dakotas is 
a sure indication that another high of marked intensity 
is moving southward from that region and that the cold 
wave attending it will sweep rapidly southward and east- 
ward. This seems to be the invariable sequence, and, if 
not promptly announced, the cold wave will pass without 
warning. (See map of Jan. 23, 1902.) 

Winter Plateau highs.—These highs remain stationary 
and offshoots move out of themeastward. Analmostcer- 
tain index to the disintegration of the Plateau high may be 
gained from the temperature conditions prevailing within 
itsarea. Rising temperature always precedes and attends 
the breaking up of this high. (See map of Dec. 9, 1913.) 

Highs over the Western Plateau are coincident with 
fair weather except in the Lake Region, the upper Ohio 
Valley, and the north Atlantic States, where there is pre- 
cipitation due to a succession of lows from the Northwest. 
The latter statement does not hold good when the pres 
sure is abnormally low over the North Pacific and high 
over the Atlantic. In this case all northern lows are 
followed by developments in the South or Southwest. 
(See maps of Jan., 1910.) 

The saddle.—The saddle (two adjacent but connected 
highs) is always attended by a slow movement of the 
area of low pressure south of it, which under this condition 
is a good rain producer. (See maps of Nov. 28, 1905, 
Dec. 1, 1904, Jan. 22 (p. m.), 1904, and Jan. 10, 1904.) 

At times the southern low breaks through the ‘‘saddle”’ 
and moves northward. This happens when the eastern 
high moves eastward and an abnormal pressure fall is 
shown directly north of the storm center. (See maps of 
Dec. 8 (p. m.), 1907, Nov. 5, 1905, and Dec. 4, 1904.) 

At other times it has been observed that with the highs 
increasing the storm is forced southward and dissipated. 
(See map of Nov. 9, 1905.) A saddle that holds a storm 
stationary or nearly so is frequently found on the weather 
map. 

Invert the saddle, and the type becomes that of a 
fast moving storm. (See map of Jan. 2, 1902.) 
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Taste 3.—Number, direction, and speed of movement of January storms 
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Taste 9.—Number, direction, and speed of movement of July storms 
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TaBLe 11.—Number, direction, and speed of movement of September storm 8 
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